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Abstract

Boxing is a combative sport that requires a balanced intake of nutrients for optimal performance. Boxing as a
sport among growing children provides an added reason for nutritional challenges that could result in malnutrition
and anemia. The aim of this study was to evaluate the nutrient intake, extent of malnuftrition, and hemoglobin
levels as a measure of anemia among juvenile and youth boxers in Ghana. This was a multi-site cross-sectional
study, involving the use of structured questionnaires and interviews to obtain some background information and
diet history of a random sample of 48 boxers in the Greater Accra and Volta Region. Anthropometric parameters
and Hemoglobin levels of boxers were also measured. The overall prevalence of anemia and malnutrition (i.e.,
wasting and stunting) among boxers of mean age of 14.04 + 3.05 was 27.8% and 17.8% respectively. Mean
calorie consumption was 1491 + 460 kcal, with 67.6% of the boxers consuming less than 70% of the estimated
energy requirement (EER) for their respective weight, height, age, and sport. The mean dietary folate and
calcium intake for both juvenile (236ug, 245mg) and youth boxers (239ug, 255mg) respectively were below the
Estimated Average Requirement (EAR) for their respective ages. There was a statistically significant positive
association between anemia and the BM| of boxers (p<0.05) studied. For the first time in Ghana, nutrient intake,
anemia, and malnutrition prevalence have been documented among Juvenile and Youth Boxers. The observed
prevalence could be due to several factors such as being involved in an energy-demanding activity like boxing,
whilst not meeting the nutritional requirements of growing children and athletes. This data will help shape policy

discourse on the wholistic management of young boxers in Ghana for optimal performance.

Introduction

Boxing is a sport that normally involves two (2) opponents in
aring trying to knock each other in a gloved fist physical com-
bat (Martinez-Rodriguez et al., 2017). The most commonly
practiced and regulated forms of the sport are professional
and amateur boxing (Ruddock et al., 2020). In Ghana, the
Boxing Federation (GBF) is responsible for the activities of
the Amateur boxers comprising the Youth (13-19yrs) and
Juveniles (6—12yrs).

In Ghana, most boxers including juvenile and youth boxers
are from underprivileged homes, with some living within the
city’s poor areas In most instances, what can at best be clas-
sified as slums per the United Nations definition of slums
(Nolan, 2015). Generally, slums do not provide a healthy
and socially safe environment for their residents and this puts
children and adolescents growing up in such areas at higher
risk of social vices, diseases, and malnutrition (Ernst et al.,
2013).

The dietary habits and food choices coupled with the intensity
of training program, put sportsmen at high risk of malnutrition
(Desgorces et al., 2017) and iron depletion, which if not iden-
tified and managed early enough will lead to a characteristic
(Deakin, 2009) drop in blood hemoglobin levels, diagnostic
of anemia (Clénin et al., 2016). The World Health Organiza-
tion (WHO) classifies a Hemoglobin (Hb) concentration of
<12g/dL in boys and <11g/dl in girls as anemia. Anemia
essentially reflects a condition where there is a reduced num-
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ber of red blood cells in the circulatory system (World Health
Organization and Chan, M., 2011). It is known to be the
most prevalent nutritional problem worldwide and considered
a critical issue of public health concern among adolescents
(Rajalakshmy and Sugumar, 2021), especially those in Low
and Middle Income Countries (Chalise et al., 2018). Although
parasitic infections and malaria are disease conditions that
could cause anemia (Din et al., 2018), in rural areas especially
among poor households, studies have also linked the causes of
anemia among various age groups to the inability to meet op-
timal levels of food intake and lifestyle (Madani et al., 2022).
Anemia prevalence is thus an important indicator to the health
status of group of people.

Hemoglobin in red blood cells is responsible for the transport
of oxygen to meet various physiologic needs, thus reduced
red blood cells will affect various health indices (Madani
et al., 2022) and eventually some sports performance indica-
tors among athletes such as boxers. In a developed country
such as Israel, adolescent prevalence of anemia was found
to be 13.2% (Haimi et al., 2019), but among adolescent girls
in a developing country such as Ghana a rate of 50.3% was
reported (Tandoh et al., 2021). A study of American college
sportsmen found an anemia prevalence of 10% among their
endurance athletes (DellaValle and Haas, 2011).

Boxing being a strength sport, places a huge burden on the
energy systems of the boxer. The energy and nutrient demands
are more pronounced when these boxers are growing children
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or adolescents. Young athletes require appropriate nutrition to
support their maturation and overall health, as well as reduce
risk of injury and enhance sport performance (Meyer et al.,
2007). That notwithstanding, boxers often present a calorie
deficit between intake and expenditure, and this could increase
the risk of malnutrition (Booth and Roberts, 2008) and other
nutrition related conditions such as anemia (Thomas et al.,
2016).

Malnutrition in the general population is a serious global prob-
lem (Maeda et al., 2020) which leads to physical weakness,
impaired immune function and overall reduced quality of
life (Rasheed and Woods, 2013). Diagnosing malnutrition
involves various tools and indicators. One common tool used
is low BMI and inadequate dietary intake (Campillo et al.,
2004). Although there have been concerns on the use of BMI
for clinical settings, substantial scientific evidence point to its
usefulness as a tool in evaluating nutritional status (Gonza-
lez et al., 2017). Using the WHO anthropometric indicators,
height for age (HAZ) measures the extent to which an indi-
vidual has been deprived of food (i.e., chronic malnutrition
evidenced by stunting), whilst the weight or body mass rela-
tive to the age gives an indication of underweight (Frempong
and Annim, 2017).

According to the Amateur International Boxing Association
(AIBA), the lowest age group with a recognized weight cate-
gory is the Junior boxers (minimum age 15years). The lowest
weight for this group (i.e., Pin Weight) is 44kg (AIBA Tech-
nical and Competition Rules, 2021). Although there are no
written rules on acceptable height of boxers for the weight
categories, the minimum weight for Pin weight category is
such that, any average height of a young boxer should meet a
healthy BMI for age, and not show evidence of malnutrition.
The AIBA rules on weight categories for the various ages, thus
appear not to make room for a low weight for age, which is a
function of malnutrition in children and adolescents, and in
this context Juvenile and Youth boxers as we have in Ghana.
For a young athletic population such as juvenile and youth
boxers, with very high energy expenditure from physical train-
ing, increased physiological demand for growth, and low
socioeconomic status, malnutrition and anemia are likely risk
(Booth and Roberts, 2008) that should be examined since they
can influence their athletic performance significantly. The
study therefore, sought to examine the nutrient intake, and
prevalence of anemia and malnutrition among juvenile and
youth boxers in Ghana.

Materials and Methods

Study Design, Ethics and Sampling

This was a multi-center cross-sectional study conducted in
Accra and Aflao in Ghana. The research was approved by
the Committee on Human Research Publication and Ethics at
the School of Medical Sciences, Kwame Nkrumah University
of Science and Technology (KNUST-SMS), Kumasi. The
study was explained to all prospective participants and consent
forms were appropriately signed by all who agreed to partake

in the study. The respective guardians signed on behalf of
boxers below 18 years. To be included in the study a boxer
had to be within the ages of 6 and 19. The boxer had to be in
good health and actively training. A sample size of 48 boxers
assuming a z-statistic of 1.95, a confidence interval of 95%,
was determined. A random sampling was done to get the 48
boxers from the juvenile and youth teams.

Data Collection

A pretested semi-structured questionnaire was used in the data
collection. The questionnaire was used to obtain some back-
ground information of the boxers, health status, medical his-
tory, knowledge and use of supplements, ergogenic aids and
other factors. Participants were required to provide informa-
tion on their age, educational level, and religion. The dietary
intake of the boxers was taken using food frequency question-
naire and multiple pass 24-hour recall which was taken on two
(2) week days and one (1) weekend. The multi-pass 24-hour
recall gives a more reliable estimate considering the fact that
it is a more standardized method, and not influenced by self-
awareness of the athlete, unlike some self-reported dietary
assessment methods such as food records (Moshfegh et al.,
2008). Data were taken through a one-on-one interview with
study participants. Anthropometric data (taken with only their
boxer shorts on) of weight, height, waist circumference, and
hip circumference were measured. Height and Weight mea-
surements were converted to height-for-age Z-scores (HAZ),
weight-for-age Z-scores (WAZ), Body Mass Index (BMI),
BMI-for-age Z-scores (BAZ) using the Anthrocal software
developed by the India Institute of Medical Sciences (based
on WHO Growth Charts 2007 and IAP Growth Charts 2015).
The resulting indices were used to determine the levels of
malnutrition. Stunting as HAZ less than -2 SD and Severely
stunted HAZ less than -3 SD. Moderate Wasting/Malnutrition
also as BAZ less than -2 SD and Severe Wasting/Malnutrition
as BAZ less than -3SD. The nutritional status of each partic-
ipant was thus determined from the z score values obtained
from BMI and Height for age measurements.

The hemoglobin concentrations were measured using Hemo-
Cue® Hb 301 analyzer. Capillary blood was taken with a
HemoCue® micro-cuvette to read the Hemoglobin concentra-
tion. Anemia was defined by hemoglobin levels <12 g/dl and
<13.0g/dl for under 15 years and above 15 years respectively,
based on WHO cut offs (World Health Organization and Chan,
M., 2011).

Nutrient Analysis template was used to analyze the macro and
micronutrient content of the various food and drinks taken by
the study subjects.

Data analysis

All data collected from the various study sites were collated,
cleaned for possible duplication and analyzed. The data ob-
tained from the study, were analyzed using the Statistical
Software for Social Science (SPSS) version 25.

Descriptive statistics were employed to find the mean, stan-
dard deviations and other percentage distributions among the
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subject participants. Independent Sample T-Test was used
to find the differences in some parameters among the boxer
groups, and whether they were statistically significant or not.
The Pearson moment of correlation was used to determine
whether there were some relationships among intake of overall
calories, macronutrient, relevant micronutrients, hemoglobin
status and malnutrition. An alpha score of <0.05 was used to
determine the level of significance of the correlation.

Results and Discussion

Results

Table 1 shows the background characteristics of boxers. The
average age of participants in this study was 14.04 + 3.05
years. The boxers were grouped into two, the Juvenile and
Youth boxers. The average ages of the juvenile and youth
boxers were 10.81 + 1.80 years, and 15.74 4 2.10 years, re-
spectively. From Table 2 most of the juvenile boxers were
primary school students whilst most of the youth boxers were
either in Junior high school or had completed junior high
school. All the juvenile boxers were either in school or had
had some form of education. Generally, the youth boxers had
higher mean values for anthropometric parameters (weight:
51.19 + 15.37 kg, BMI: 19.35 =+ 3.63 kg/m?) compared to
the juveniles (weight: 33.11 £ 5.27 kg, BMI: 16.52 + 1.30
kg/m?).

From Table 4, the overall prevalence of malnutrition and ane-
mia among the boxers was 17.8% and 27.8%, respectively.
We observed that the proportion of juvenile boxers who were
anemic (35.7%) was more than the youth boxers who were
anemic (22.7%), however, there were more malnourished
youth boxers (23.3%) than juvenile boxers (6.7%). There was
no obese juvenile boxer in the study.

MNormal
B undernourished
M overweight

K

Figure 1. BMI (Zscore) Categories Juvenile and Youth Boxers
in Ghana

The undernourished boxers represented in the chart included
those who were underweight, stunted, and wasted among all
the boxers. There was a greater proportion of malnourished
boxers (17.78%) than overweight (4.4%). Generally, most of
the boxers were of normal weight and BMI for age, but very
few were overweight Figure 1.

There was a significant positive correlation between hemoglobin

levels and weight (r = 0.392, p = 0.022) as well as BMI
(r=0.411, p = 0.016) of the boxers studied Table 5.

Nutrient and Energy intake among the juvenile and youth
boxers

From Table 6, Apart from Vitamin C, Folate, and calcium,
the juvenile boxers had on average, a proportionately higher
amount of nutrient intake than youth boxers, though not signif-
icant. There was a significant (p = 0.006) difference however,
between the amount of water that was taken by youth box-
ers and juvenile boxers. Generally, there was a poor intake
of a balanced diet, coupled with low fruit intake recorded
among the boxers from the multiple pass 24-hour recall. Only
58% of the boxers consumed up to the Estimated Average
Requirement of Vitamin C (EAR for Vitamin C: 4-8=22ug,
9-13=39ug, 14-18= 63ug, 19-30=75ug). The average intake
of proteins was about 1.67 g/kg Body Weight for the juvenile
boxers and about 0.98 g/kg Body Weight for the youth box-
ers. The mean dietary folate intake for both juvenile (236ug)
and youth boxers (239ug) was below the Estimated Average
Requirement (EAR) for their respective age ranges (EAR for
Folate: 9—-13years = 250ug, 14-18 = 250ug, 19-30=330ug).
The mean dietary iron intake of the boxers was 9.4mg, how-
ever, 23.1% and 31.8% of the Juvenile and Youth boxers
respectively were not consuming up to the Estimated Average
Requirement of dietary iron (Table 6). The juvenile boxers
were consuming more calories (1570 £ 587 kcal) than the
youth boxers (14444373 kcal). Comparing their intake to the
estimated daily requirement of energy, the youth boxers had a
higher energy deficit (1145 kcal/day) than the juvenile boxers
(616kcal/day).

Discussion

The study aimed to determine the prevalence of anemia, nu-
trient intake, and nutritional status among juvenile and youth
boxers in two regions in Ghana. The boxers assessed in
this study were all males like most studies involving box-
ers (Martinez-Rodriguez et al., 2017). From the study, we
observed that the prevalence of anemia was higher among
the younger age group, the juvenile boxers than the youth
boxers. The observation was similar to the anemia prevalence
study done in Indonesia, where the prevalence was higher
among the younger children compared to the youth (Andrias-
tuti et al., 2020), probably due to comparatively higher iron
needs for growth and development in younger children. The
overall prevalence of anemia from this study was lower than
the prevalence of anemia among male athletes reported in a
study in India (Rajalakshmy and Sugumar, 2021), but higher
than the prevalence of 9.5% reported in a study among non-
endurance athletes of similar age group in Indonesia (Andari
et al., 2021). The lower prevalence among the Indonesian
athletes compared to the prevalence from our study, which
also involved nonendurance athletes could be that the athletes
probably had access to proper nutrition. The athletes in the
Indonesian study were from an elite group, it was thus more
likely they had the resources (Salim, 2011) to take care of
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Table 1. Background Characteristics of Boxers: Age, Educational Status and

Religion
Juvenile Boxers  Youth Boxers Total

Age (years) 10.81 +1.80 1574 £2.10 14.04 +3.05
Educational Level
No education 0 1 1
Primary 15 4 19
JHS and JHS leavers 1 22 23
SHS and SHS leavers 0 5 5
Religion
Christian 12 26 38(79.2%)
Muslim 4 6 10(20.8%)

Age displayed as Mean + SD (Standard Deviation). JHS: Junior High School and SHS

represents Senior High School.

Table 2. Anthropometric Characteristics of Juvenile and Youth Boxers

Variable Juvenile Boxers n(%) Youth Boxers n(%) Total n(%) P value p < 0.05
Participants 16 (33.3) 32 (66.6) 48 (100)

Mean + SD Mean + SD Mean = SD
Anthropometric Indices
Weight (kg) 33.11 £5.27 51.19 £ 15.37 45.17 £ 15.46 <0.001*
Height (m) 1.41 £ 0.09 1.61 £0.12 1.55+£0.15 <0.001*
BMI 16.52 + 1.30 19.35 + 3.63 18.41 £3.32 0.006*
BMI for Age (Z Score) -0.36 £ 0.64 -0.63 +1.16 -0.54 £ 1.02 0.415
Height for Age (Z Score) -0.23£1.18 -1.06 £ 1.24 -0.78 £ 1.27 0.037*
Waist Circumference (WC) 56.85 £2.12 61.67 +£1.04 58.91 £3.04 0.016*
Hip Circumference (HC) 66.25 £5.73 75.50 £2.12 69.33 £6.59 0.103
Waist to Hip Ratio (WHR) 0.86 = 0.05 0.82 £0.04 0.85 +£0.05 0.310

*Significant at P < 0.05

their athletes nutritionally as compared to the Ghanaian box-
ers most of whom were from underprivileged homes, with
meager resources to ensure optimal nutrition.

Nutrient intake and Anemia

Juvenile and youth boxers are growing children, and have
increased needs for micronutrients such as Calcium, Vita-
min B12, Iron, Folate, and Vitamin C. These micronutrients
are important for bone development, hemoglobin levels, and
improved immunity. Vitamin C however, is an important mi-
cronutrient that enhances the absorption of iron from natural
foods and iron-fortified foods (Basrowi and Dilantika, 2021).
The low dietary intake of some of these micronutrients due to
the inadequate consumption of a balanced diet, and low fruit
intake could have also contributed to the anemia prevalence
from the study, and low Vitamin C intake could also have
been an important nutritional underlying factor of anemia.
Intake of animal products is associated with hemoglobin lev-
els, but typical Ghanaian diets are mainly carbohydrates with
little animal protein accompaniment (Tandoh et al., 2021),
worsened by the fact that animal proteins are an unaffordable
luxury to most of these boxers who come from low socioeco-
nomic backgrounds. A study in Korea expressed a decreased

risk of anemia with increased household income (Kim et al.,
2014), and thus for boxers in this study, most of whom live in
areas that can be described as slums per UN definition (Nolan,
2015), with low household incomes, anemia is a reality not
just a risk.

Exercise is known to induce some form of red cell destruction
and subsequently affect hemoglobin levels. The acute drop
in hemoglobin levels is referred to by some as sports ane-
mia, or pseudo anemia (Clement and Sawchuk, 1984; Deakin,
2009). The regular exercises of the boxers studied could thus
be said to have contributed to the anemia levels recorded. The
contribution of exercise-induced red cell hemolysis to the
prevalence of anemia in this study, is however, less likely be-
cause studies suggest that internal erythropoietic mechanisms
cause red cell replacement to match destruction and prevent
anemia (Telford et al., 2003).

Nutritional Status and Hemoglobin levels

Body Mass Index (BMI) alone is not used as a measure of mal-
nutrition among children and adolescents especially those less
than 20 years old. BMI is measured against age to determine
malnutrition from their Z-score value. BMI is thus a relevant
instrument in epidemiological studies to evaluate nutritional
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Table 3. Prevalence of Anemia and Malnutrition among Juvenile and Youth Boxers

Boxing Group Prevalence Anemia Prevalence Malnutrition
. . . Malnutrition
Anemic  Non-Anemic Normal Overweight (Wasting & Stunting)
BMI for Age BMI for Age
7 score >1 SD Height for Age
seore Z Score <-2 SD, -3SD
Juvenile Boxers  5(35.7%) 9(64.3%) 14(93.3%) 0 1(6.7%)
Youth Boxers 5(22.7%) 17(77.3%)  21(70.0%) 2(6.7%) 7(23.3%)
No Education 0 1(100%) 1(100%) 0 0
Primary 6(35.3%) 11(64.6%) 16(88.9%) 0 2(11.1%)
JHS 4(26.7%) 11(73.3%) 14(66.7%) 1(4.8%) 6(28.6%)
SHS 0% 3(100%) 4(80.0%) 1(20.0%) 0
Total 10(27.8%)  26(72.2%)  35(77.8%) 2(4.4%) 8(17.8%)

Data is displayed as n (%).

Table 4. Association between Hemoglobin levels and Anthro-
pometric variables

Study Variable Correlation Coefficient r P Value
Weight 0.392 0.022%
Height 0.336 0.052
BMI (kg/m?) 0411 0.016*
BMI-for-Age (Z-score) 0.229 0.193
Height-for-Age (Z-score) -0.041 0.817

Key: *Significant at P < 0.05 (correlation). BMI: Body Mass Index

status (Dasgupta et al., 2010). Increasing weight could be asso-
ciated with adequate energy consumption and optimal growth
among young people with a commensurate improvement in
hemoglobin levels. In this study, weight and BMI were found
to significantly correlate positively with Hemoglobin (Hb)
level, the key biochemical indicator used to determine the
prevalence of anemia. Hb levels however did not correlate
with BMI in the Puducherry (India) study of 52 male athletes
(Rajalakshmy and Sugumar, 2021). The Puducherry study did
not however indicate the kind of sports the athletes in their
study were involved and the inclusion age limit of 31 years
was a little higher compared to the relatively all young boxers
in our study. For growing athletes with relatively high energy
needs for health, development, and performance, marginal
increases or decreases in energy intake influence growth and
optimal health variables like Hemoglobin.

Boxing is an energy-demanding sport and thus juvenile and
youth boxers require adequate amounts of nutrients to support
growth, maintain health, and enhance performance, however,
very few of the boxers were meeting up to 70% of the esti-
mated energy requirement for their respective weight, height,
age, and sport. Most of the youth boxers were not meeting
adequate intake of calories. It was thus not surprising that
although a greater proportion of youth boxers were malnour-
ished. The malnourished youth boxers were mostly stunted,

indicating chronic malnutrition. This means the boxers had
probably not been meeting adequate energy intake for a long
period. The food consumption of juvenile boxers must thus
be checked to ensure they do not become chronically malnour-
ished as they grow. Although there was a significant difference
between the ages of the Juvenile and youth boxers, there was
no significant difference between the total calorie intake of
the two groups of boxers. The prevalence of malnutrition
including wasting and stunting could have been the result of
the low socioeconomic background of most of the juvenile
and youth boxers in Ghana. Underweight and stunting put
boxers at high risk of health challenges due to the high energy
demand. In this study, a very small proportion of the athletes
were overweight similar to results from a Canadian study that
evaluated the BMI of individual and team athletes (Turkeri
et al., 2019). The increased energy expenditure from exercise
and training regimen, limits likelihood of positive energy bal-
ance which accounts for increased incidence of overweight
or even obesity (Hall et al., 2022). Most of the boxers in this
study had normal BMI for age, which is appropriate for health
and performance.

Nutrient intake, Malnutrition and Anemia

Malnutrition is associated with poverty (Siddiqui et al., 2020)
where people are unable to access healthy and nutritious foods
under hygienic conditions as well. The community in which
most of the boxers in the study lived and trained was within
the slums of the respective regions. The prevalence of mal-
nutrition could thus be attributed to limited access to food
due to financial constraints coupled with disproportionate
energy expenditure in their training. Laura et al., found a
significant association between socioeconomic standards and
dietary habits of athletes from three major sporting regions in
Ghana (Tugli et al., 2022). The prevalence of malnutrition in
our study was similar to the malnutrition prevalence rate found
among urban slum dwellers in an Indonesian study (Lestari
et al., 2020). Studies by Garcia et al. (2013) demonstrated that
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Table 5. Chemical and macromolecular properties of pectin from African sources

Variable Juvenile Boxers n(%) Youth Boxers n(%) Total n(%) P value
Mean + SD Mean + SD Mean+SD p < 0.05

Hb 125+ 1.0 1299+ 14 12.781 £ 1.3 0.222

Water (L) 1.6 £04 25+1.0 2.2+09 0.006*

Carbohydrates (g) 223+ 72 203 + 57 210 + 63 0.369

Protein (g) 55.4 +£30.9 50.6 £17.2 52.4+229 0.544

Fat (g) 53.6 £30.6 49.1 £23.6 50.8 £26.0 0.625

Energy (kcal) 1570 + 587 1444 + 373 1491 + 460 0.423

Dietary Iron (mg) 99+5.1 9.1+28 94+38 0.559

Calcium (mg) 245 £ 72 255+99 252 £ 101 0.783

Vitamin B12 (ug) 22+19 1.7£1.0 1.9+£24 0.530

Vitamin B6 (mg) 1.3+£0.5 1.1+04 1.2+0.5 0.112

Folate (ug) 236 + 145 239+ 124 238 £ 130 0.959

Vitamin C (mg) 56.9+£21.8 62.4 £37.8 60.4 £32.5 0.633

BMR (kcal) 1156.8 +73.4 1369 + 209 1300 £202.4  <0.001

EER (Kcal) 2186 + 138.6 2589 + 395 2458 + 383 <0.001

Adequacy of Intake n(%) n(%) n(%)

EER (Adequate) 6(42.9%) 5(20.8%) 11(28.9%)

EER (Inadequate) 8(57.1%) 19(79.2%) 27(71.1%)

Vit. C (Adequate) 12(92.3%) 8(38.1%) 20(58.8%)

Vit. C (Inadequate) 1(7.7%) 13(61.9%) 14(41.2%)

Iron (Adequate) 10(76.9%) 15(68.2%) 25(71.4%)

Iron (Inadequate) 3(23.1%) 7(31.8%) 10(28.6%)

*Significant at (p<0.05). SD: Standard Deviation, mg: milligram ug: microgram Hb: Hemoglobin, Data represented
as Mean £ SD.EER: Estimated energy requirement. Athletes with energy intake > 70% of EER were considered to be
taking adequate energy, whilst those consuming calories below 70% of EER were ranked among those with inadequate

intake. For the micronutrients (Vitamin C and Iron), consumption below EAR (Estimated Average Requirement) was
classified as inadequate whilst those greater than or equal to the EAR were classified as adequate.

adolescents who live in very poor communities were about
five times more likely to be malnourished (i.e. stunted) (Gar-
cia et al., 2013). Malnutrition at an early stage of the boxers’
lives would have a significant effect on their health outcomes
and also influence physical growth, intellectual development,
future income (Frempong and Annim, 2017), and athletic per-
formance.

Although some of the healthy-weight boxers were anemic, all
the malnourished boxers were however found to be anemic.
This means the malnourished boxers were not consuming va-
riety as well as adequate calories to improve their optimal
health and iron status. Generally, the food habits and choices
of children have dramatically changed over the past few years
with children taking in more sugar-sweetened beverages. Chil-
dren from poorer communities, as was the case with most of
the boxers in this study, have low purchasing power, and con-
sume fewer amounts of animal proteins and milk which are
contributing factors to anemia (Haimi et al., 2019). Abdulai
et al. (2022) in a study of the dietary pattern some Ghanaian
athletes reported a low intake of protein rich foods, and major-
ity of the protein consumed were plant based which are mostly
of low biological value. The evaluation of the dietary calcium
of participants showed that none of the juvenile or youth box-
ers met the Adequate Intake (AI) for calcium (Al for calcium,

9-18yrs =1300mg/day, 19-30yrs=1000mg) which reflects the
possibility of hidden hunger among the boxers (Sharlin and
Edelstein, 2010). These important factors certainly played a
significant role in the prevalence of anemia and malnutrition
among juvenile boxers. Generally, increased calorie and di-
etary iron needs, as well as increased losses due to strenuous
training regimens could influence the prevalence of anemia
and malnutrition (Damian et al., 2021). Interestingly there
was a very low prevalence of overweight among the boxers.
This was probably due to their regular exercise regimen which
increased energy expenditure. A lower energy output from
exercise than the input from dietary intake leads to a positive
energy balance that would result in overweight and obesity
over time. However, boxing is an energy-demanding sport,
and with the generally low energy consumption among the
participants in this study, obesity was not a likely occurrence.
Studies have indicated that increasing the weight of a boxer
goes with reduced cardiovascular function (Vladimirovich,
2019), thus the lower prevalence of overweight and obesity
could reflect better on the overall cardiovascular function of
the boxers.

Studies to evaluate the hemoglobin levels, expressed as the
prevalence of anemia, and assessment of the levels of malnu-
trition may improve responsibility for the dietary management
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of boxers to ensure their optimal health and enhance the per-
formance of athletes.

Conclusion

For the first time in Ghana, the prevalence of anemia and
malnutrition has been reported among the Juvenile and Youth
Boxers. The observed prevalence could be due to several
factors such as young age, the low socioeconomic status of
the families that most of these boxers come from, and be-
ing involved in energy demanding activity such as boxing
whilst not meeting their nutritional requirements as growing
children and athletes. The high prevalence of stunting (an
indication of chronic malnutrition) among the youth boxers,
should be a clarion call to managers of the juvenile boxers and
the Boxing Federation to take corrective measures towards
the malnourished juvenile boxers so they don’t become chron-
ically malnourished as the grow. Care must be taken, and
close attention be paid to the health and nutritional wellbe-
ing of these juvenile and youth boxers because the amateur
boxers that represent Ghana on most international bouts are
drawn from this pool or mature from this group. This study
did not do a differential hematological test such as full blood
count (FBC) or biochemical test such as ferritin, transferrin
saturation, or total Iron binding capacity, to determine the
exact type of anemia. Further studies can however take into
consideration those differentials as well to pin down the type
of anemia present.
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